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is scanned , both the spectrum and its integral are
recorded 16
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rotational energy transfer within v ’ = 1 . These scans
have a time constant of 1 s and scan time of 7 m m per
band , and are uncorrected for spectrometer/photo multip lier
efficiency . The laser scatter trace i s  obtained with
the NO2 flow shut off 17
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INTRODUCT I ON

The OH rad i ca l i s known or though t to occupy a cen t ral  role i n a

wide variety of reaction networks , particularly those important in

combustion processes , or uppe r atmosphere and a ir pol lut ion chemistry.

Absorption or emission inten sity measurements on the A-X system are

often u ,ed to probe such overall processes themselves or to detect OH in

laboratory i nvestigations of the rates of individual reactions. Thus it

is necessary to have reliable va l ues of transition probabilities for the

several bands of this system .

Of particular Importance in this regard is the oxidation of any

hydrogen-containing compound. This includes the vast majority of all

combustion processes , so tha t OH is a near l y ubiquitous participant in

flames , shocks and explosions; it is the most prevalent of the transient ,

reactive species in many such systems . Consequently, measurements of

its concentration and popu lation d is t r ibu t ion  (temperature) prof i les  con-

s t i tu te  important probes of individua l systems and comparisons between

systems. These measurements are made by spectroscopic means , facilitated

by the existence of the A-X system in the 2800 to 3200 A reg i on . The

ba nds are in tense , observable i n em i s s ion  and absor p t i on , and i n a con-

venient range for study. Several recent experimen ts , carried out both

under low-pressure conditions as well as in flames and ambient air , have

demonstrated that OH is an em i nently suitable candidate for detection

by the sensitive method of laser excited fluorescence diagnostics. (Here ,

as w it h conven t ional spectroscopic detec t ion , technolo g ica l  considera ti ons

9
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are important; the major bands of the A-X system fall serendipitous l y

within the range of frequency doubled radiation from the prime laser dye ,

Rhodamine 6G.) Correct analysis of any of this spectroscopic data , but

especially that involving thermometric measurements on either the A or

the X states , require well determ i ned va l ues of transition probabilities.

There exist in the literature severa l carefully executed spectroscopic

tempera tu re measure ment s on OH wh i ch are l i k e l y  in  error by many h undreds

of degrees
1 due to the use of I ncorrect t rans i t ion probab i l i ti es for th i s

system.

Recently ,
1 a series of new measurements of the relative transition

probabilities was made using fluorescence of A2E
+ 

OH exc i ted by a tunable

laser. These resul ts were then comb i ned with those of previous investi-

gations in order to select the best overall set of normalized proba-

bilities. In that stud y (referred to below as I) it was concluded that

the transition probabilities could be well characterized by a Morse

oscillator mode l and an electronic transition moment Re
(r) varying linearl y

with internulcear distance r (c is here a constant) :

- 
R (r) = c(l — Pr) . (1)

Here , the best va l ue of the constant p is 0.75 A
1 , as first suggested by

S h u l e r 2 in an early paper on the topic. Not only is this linear moment

1D. R. Crosley and R. K. Lengel , Rela t ive Trans i t ion P roba b i l i t i es
and the Electronic Transition Moment in the A-X System of OH ,”
JQSRT 15, 579—591 (1975).

E. Shuler , “K inetics of OH Rad i cals from Flame Emission Spectra.
I .  V i bra t ional T~ans t io n P r o b a b i l i t ies , In ten s i t i es , and Equi-
lIbri um in the 2Z - 2 fl Transition ,” J. Chem . Phys. 18 , 1221-1226 (1950) .

10
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preferable to one of exponential form ,3’
4 but it also generally

reproduces the “good” experimental data * to within experimental error.

The results reported here are an extension of these measurements

and the app lication of a linear moment model to the 00 molecule.

Although OD clearly does not occupy as prom i nent a position as OH inso-

far as system diagnostics are concerned , an increasing number of experi-

ments on the deuterated species is being carried out in conjunction

with , and for comparison with , those on OH. In fact , our interest in

‘e p roble m arose , as was the case for OH , due to a need for such transi-

probabilities for analysis of data in our A2~
4 

state energy transfer

studies ,5 which we are currentl y extending to OD. Most importantly,

from the standpoint of the use of these transition probabilities for

diagnostic purposes , these current results on OD form further confirmation

of the correct choice of the electronic transition moment for the isotopic

pair , strengthening the evidence for the previous results 1 for OH.

Within the framework of the Born-Oppenheimer approx i mation , one of

course expects that , even for an isotopic pair differing as much as OH

and OD , the electronic transition moment should be the same for both

3R . C. M. Learner , “The Influence of Vibration—Rotation Interaction on
Intensities in the Electronic Spectra of Diatomic Molecules. I. The
Hydroxy l Radica l ,” Proc. Roy . Soc. ~~~~~~~~~~~ 311-3 26 (1962) .

Ankete ll and R. C. M. Learner , “Vibration Rotation interaction
i n  OH and the Transition Moment,” Proc. Roy . Soc. A30l, 355-361 (1967).

5R. K. Lengel and ~. R. Cros l ey ,  “Rotational Dependence of Vibrational
f~”)axation in WE OH ,” Chem . Phys. Lett. 32, 26l~ 26k (1 9 75) .

*P art J~ the .onfu eion and controver8y Burr OUnding the traneition probabi li-.
t ies ~ OH has been due to a lack of recognition that not all of the
~.r~~r iinent.. ii L~ t z  is of unifo rm quality. In I , the data available were
ex n if -~,~i in some de tai l in this regard to select reliable va lues for
~!oP7 1) Lr 1;8on with the models.

I i



spec i es. Indeed , as seen below , this Is the case; differences in the

actual t ra ns it ion p robab i l i t ies are due to the mass depende ncies  of the

nuclear wavefunctions. Consequently the comparison s among experiments

and models on each species are properly i nseparable  for the pu rpose of

assessing the best overall set of transition probabilities; the success

of E quation (I) for OH is probably the best reason for using it for OD.

Howeve r , al thoug h the da ta are mu ch more sparse in the case of the

deuterated molecule , the assessments made here will consider only those

measurements directly.

The treatmen t follows essentially that in I . Although the rotational

dependence of the transition moments is now well established for both OH

and OD from lifetime measurements , the v a r i a t io n for low ro tati onal

quantum number is well within usual error bars on intensity measurements.

Ther efore , except for a section devoted to this topic , rota t ion w i l l  be

neglected in comparing experimental results , and calc u la t ions w i l l  be

made on rotationless molecules. Finally, we conclude the paper wi th a

section updating the OH transition p robability study to the present time .

We co l lec t here def in i t ions of quan t i t ies usef u l in  the fol low ing

discussion . The intensity 
~~~~ 

of the light (erg cm 3sec~~) emitted

in the (v’,v”) band by N
~

, molecules  cm 3 in the v ’ level of the exc i ted

state is:

~
1v ’ hVv i vi~ ~~~~ 

. (2 )

The Einstein emission coefficient 
~~~~ 

(sec~~
) is  re la ted , through the

vibra tiona l transition probability 
~v ’v”’ to Re

(r) and the~v ib ra ti onal

wavef unct ions iji~,, 
and

12



6L,~ 3A , , ,  = —  v , ,, p , , , ;v v  .~ v v  v v
3 hc

= 
~f ~~v ’ 

R ( r ) 
~~~~~

“ 
dr~

Other assoc ia ted quantities are the oscillator strength~ ~v ’v” 
and

l i f e t ime  T , of the v ’ l eve l :
v

= 1.5 x 10
16 

A
v I v II F ; (4)

T
v~ 

= A~~ 
(
~ A , , , ) 1 

= 
~~~~ 

~~‘v” Pv I v lI )

Here , the g ’ s are the l eve l degeneracies , and h and c have their usua l

meaning throug hout these equations.

We reduce calculated 
~v ’v” to A , , ,  using for the vt, ,, factor in

Equation (3) the reciprocals of the band head wavelen oths. These are

taken (when available) from the tabulation in Rosen6 or calculated (when

necessary) using the vibrational constants 7 for the A and X states.

Though the band head wavelength does not represent even an average for

—1A dimension less qua~ ti-ty;  the numerwa l factor refers  to c i~n cm sec
and A and v in sec units.

*4
Rounded to the nearest A; see Table 3.

Rosen (Ed i tor), Donnés spectroscopigues relatives aux molecules
diatom iques (Pergamon , Oxford ), 1970.
7J. A. Coxon , “The A2Z~ - X 211. System of OD: DeterminatIon of
Molecular Constants by the Direct Two—State Fit Approach ,” J. Mol.
Spectrosc. 58, 1—38 (1975).

_____________ — — - . .—--~~ 
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*the band , its use introduces negligible error for the present purposes

of assembling and assessing a set of consistent Einstein transition

probabilities. For measurements of high accuracy and over a large range

of rotational levels , as for a rotationally hot samp le , intensities

should be reduced to populations throug h Equations (2) and (3) using the

vibrational transition probabilities p , ,  (tabulated be l ow) which represent

the vibrational contribution over the entire band . These should then be

combined w ith a correction for the rotational dependence of the transition

probab i l i t y  (see be l ow); into this correction can conveniently be woven

the actua l dependency for each l in e.

In the case of a linear transition moment as in Equation (I), one

may directly use the Franck-Condon factor

1 2
= j  ~~ 

dr

and the r centroid

r ,, ,  ..f*v I r~p , ,  d r  

~~ ~ 
dr

to represent the vibrational transition probability as

— 2
= ~~~~~~~ 

—

where c is here some constant.

8E . g . ,  conversion using the Q 7 3 (Dieke and Crosswhite notation) line
frequency y ields sh i f t s  in the A~~, ,, of ~ 0. 5 percent.
8 V
G. H. Dieke and H. M. Crosswh i te, “The Ultraviolet Bands of,OH ,”
Bumblebee Report No. 87, Johns Hopki ns U n i v e r s l ty , l948, republ ished
in JQSRT 2 , 97-199 (1962).
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EXPERIMENTAL DETAILS AND RESULTS

The experimental method (see Figure 1) is ident ical to that used in

I for the OH measurements , except for the obvious substitut ion of 02
0 for

H
2
0 as the atom source. Briefly, the OD is generated by the reaction

D-4-N0
2 

ir ~ a flow system with ~32. sec 1 pump ing speed and at total pressures

of ~l5 mTorr (of D2
0 and NO

2
). A Chromatix system , comprised of a fre-

quency doubled rhodamine -6G dye laser pumped by a doubled Nd~
3 :YAG laser ,

is used to irradiate the 00, exciting individua l v ’ ,J ’  l eve l s  of the

A 2
~~ state. Emission at right angles to the exciting beam is focused

*into a 0. 35 m spectrometer operated in second order and w i t h  s l i t s

s u f f i c i e n t l y  narrow to permit  i den t i f i ca t i on  of most of the indiv idua l

rotat iona l branches of the f luorescence. The photomultip l ier  output is

fed through a pulse shape r and amp lifier to one channel of a dual channel

boxcar integrator. Input to the other channel is provided by a second

monochrornator mon i toring total fluorescence. The ratio of the two

channels then forms the output , yielding Continuous normalization through-

out a scan; such normaliza tion is necessitated by dr i ft ** In both the

OH concentration and the laser frequency. The output of a scan is

electron i call y integrated ; both the intensity versus wavelength and the

integrated intensity versus wavelength are recorded . Figure 2 shows scan

of the (1 ,1) and (1 ,0) band. The fluorescence from the ini t i a l l y

*
Except for the search for the (2,4) band, made in first order.

4 4

The normalization channel is also read ou t directly; those occassiona l

runs having a sing le-channe l dr i f t  greater than 10 percent over the

7,5 mm scan time are discarded.

15
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excited F
1
(4) leve l (i.e., N ’  — 4, J ’ — N ’  + 1/2) consists of six main

lines. The remaining lines are due to rotational energy transfer caused

by c o l l i s i o n s  w i t h  the 020 and NO2 present;  s ince the v i b ra t i ona l  bands

are we l l  separated in th is  experiment , th is  has no e f fect  on the measured

r e l a t i v e  t r ans i t i on  p robab i l i t ies (w i th in  the v a l i d  assumption that the

N’ -dependence of the t r ans i t i on  p robab i l i t y  is negl ig ib le  here ).

in a l l  runs the Q 14 l ine is used to pump the F 1 (4) level. This is

because the absorption spectrum is relatively clean near Q1 4, that is ,

there is little overlap with other absorption lines within our laser

l i new id th  of —5 cm 1 FWHM. Further , the N” = 4 leve l of the ground s tate

is at the maximum of the exc i t a t i on  e f f i c i ency  under our experimental

c o n d i t i o n s .  Exc i t a t i on  iS c a r r i e d  out through absorption in the (0 ,0) ,

(1 ,0) or (2 ,1 ) band. As was the case w i t h  OH , the (2 ,3) band does not

appear to be previous ly reported ; our low resolut ion (250-p s l i t s )  scans

here place the overlapped Q24 ’  + P 15 lines at 3435 A as anticipated from

the .ibru t iona l constants.

For exc i ta t ion  of v ’ — 0 and 1 , da ta was taken using the integrated

in tens i t i es  rather than the reso lved scans (substract ing laser scatter ,

separatel y measured , if present ; see Figure 2). This yields somewhat

better uncertainties on a per datum basis than use of individual lines.

in I a comparison of the two methods established their equ i va l ence , in the

face of possible systematic er rors  entering into the integrated runs. For

00 , the compressed rotat ional  structure of each v ibrat iona l band , compared

*
Relative r opu lation times rotational line strength.

18



to OH , leads to less concern with overlap prob l ems , so such a comparison

was not repeated for 00. Exc i tation of v ’ — 2 is carried out beg inning

from the v” = 1 state; the l ower population there leads to weaker

fluorescence intensities and severe problems with laser scatter in

determining the A 21
/A22 ratio. Consequentl y this ratio was determined

via peak heights of individual rotationa l branches in resolved scans

(R
1 3, the Q24’ + P

1 5 blend , and P25’; see Table 1). The othe r ratios

involving v ’ = 2 are measured using integrated intensities.

The detection system calibration , us~ ng a GE DXW tungsten iod i de

lamp, was described in I . These measurements have a precision of

2 percent but it is difficult to assess their accuracy.

The results of these ern ssion branching ratio measurements are

presented in Table I. The wicertainties quoted are standard deviations

taken from averaging the data from all the runs , except for the A 12
/A 11

ratio. Here , the statistical error bars calculated in this way are “too

good ,” i.e., much better than we fee l is warranted from the raw data.

The quoted uncertainty is a more rea listic assessment of the data signal!

no i se. The (2,4) band was searched for but not found within the uppe r

li m i t  quoted . Possible systematic errors (in particular , the spectrometer !

detector response calibration) are not included in the uncertainties

l i s t e d .

In a separate and different type of measurement , the ratio

was probed using fluorescence as a monitor of absorption strength. Again ,

the Q1 4 line was pumped in each of the (1 ,0) and (0,0) bands. The

19
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TABLE 1. EXPERIMENTAL RESULTS

Ratio Mode
a S l i ts ( )  ~b Result

A 11 /A 10 I 50 12 1.65 ±0.04

A 12 /A 11 I 50 10 O.OLs6±O.OO4~

A
21 /A 22 R: R 1 3 250 8 1.58

P.: Q24’ + P1~ 250 8 1.59

R: P25’ 250 8 1.60

average - 24 1.59 ±0.08

A
20

/A
22 I 250 7 0.21 ~0.Ol

A23/A22 I 250 5 0.089±0.006

A
24

/A22 - 250 - ~O.OO5

A
01

/A
00 

I 50 8 0.01 9±0.00 1

S 
a

1 integrated intensities; P. — rotationally resolved , for which observed

l ines are l isted in Dieke and Crosswh ite 8 notat ion .
b
N b  of runs.

C
Estimated error; see text.
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incident laser power was monitored via the ultraviolet radiation

reflected from the fron t surface of a Corning 7-54 filter , through

another 7—54 filter and onto a sod i um salicylate p late in front of a

photod i ode. The appropriate ratios from Table 1 are used to convert

observed fluorescence into total emission from each of the v ’ 0 and I

levels , which is then divided by the incident laser intensity at the

pump wavelength. The result is tha t A 10/A00 
= 0.25 with a statlst lca l

error (four runs) of 0.05. The only assumption here is that the reflec-

tivity of the reflecting 7-54 filter , and the efficiency of the sod i um

salicy late , are independent of wave l ength. There is a small amount of

overlap of Q1 4 w ith R24 and P 1
2 in (1 ,0) and of Q1

4 with R
2
4 in (0,0),

within the laser band pass . Such overlap was not accounted for in the

analysis; the presence of such overlap would tend to l ower the measured

*ratio below the true value. Further , as the laser is tuned from the

(1 ,0) to the (0,0) absorption , the beam walks slightly, causing possibly

a different deflection onto the photod i ode; this effect , if present ,

cannot be directl y gauged , and we must assume we correctly measure the

incident laser power. We do not have much confidence in these assumption s

and estimate an overall uncertainty of -35 percent. The resulting value ,

O.25’O.09, overlaps onl y at the limit of the error bars with that of

Rouse and Engleman 9 fbr the same ratio , which we recommend as being

better determined (see below) .

,

Taking into account the line separations , laser bandwidth, and excitation
efficiencies.

E. Rouse and R. Eng l eman , Jr., “Oscilla tor Strengths from Line
Absor pt ion i n a ~ i gh Temperature Furnace. I. The (0,0) and (1 ,0)
Ban ds of the A’~Z - X 2 111 Transi t ion i n  OH and OD ,” JQSRT j

~
, 1 503-152 1 (1973).
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D I S C U S S I O N

I . The C ho ice of a Model

In I , an overall set of transition probabilities for OH was calcu-

lated using a linear transition moment and Morse oscillator wavefunctions ,

following the method origina l ly applied by Shuler 2 to the data of Dieke

and Crosswh i te.1° The computed tran sition probabil ities depend to some

degree on the model chosen (both the anal ytica l form of the wavefunctions

as well as the spectral constants necessary to specif y the actua l

,
~oIecu Iar states invo l ved). Thus it is i mportant to delineate the method

and parameters used .

For the calculations on OD , we again use a Morse oscillator model ,

taking the spectral constants from Coxon ’s recent determination 7 using a

direct two-state f i t .  Here we insert constants , so obta ined from spectral

line positions and the numerica l dia gona lizat lon of Hamiltonian matrices ,

into a model of the molecular motion for the purpose of intensity calcu-

lations. To do so, one must ascertain tha t the constants do have the

prope r mechanical significance pertinent to the model chosen . Coxon

addresses th is po int (which is discussed at more length by Zare et a l . 11 ) ;

h is constants may properly be adapted to a Morse model. A more sophisti-

cated treatment would use the RKR curves which Coxon calculates. Under

the assumption that the transition moment is linear , Coxon ’s array of

Franck-Condon factors and r-centroids (determ i ned via these RKR curves)

may be directl y used for calculating transition probabilities.

H. Dieke and H. P1. Crosswh i te, Quarterly Report NOrd-8036, JHB-3 ,
Problem A(l Oct - 31 Dec 49) , as quoted in Reference 2.

N. Zare , A. L. Schmel tekopf , W. J. Harrop , and D. L. A lbr l tton ,
“A D i rect Approach for the Reduction of Diatomic Spectra to Molecular
Constants for the Construction of RKR Potentials ,” J. Mol. Spectrosc.
1s6, 37-66 (1973) .
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Resul ts  using both Morse wavefunc t ions and Coxon ’ s values have been

obtained . The di f ferences , at most about 1 percent , we consider insignH

ficant in that eithe r set is equally consistent with the experimental

data a v a i l a b le .  W ith regard to the Morse oscillator fits , we have

exp lored the sensitivi ty of the ca l culated transition probabilities to

the input parameters , set t l ing  on the cho i ce given in the Appendix. When

considering the effectiveness of the model chosen (that is , a Morse , RKR

or 2b initio potential) to represent the actua l OD molecule , the purposes

of this stud y must be borne in mind. These are to provide a consistent ,

reliable set of 
~~~~ 

values useful to an experime ntalist making measure-

ments , and to check the ide a of a l i n e a r  de pendence of the elec tro ni c

transition moment on internuclear distance . Once the latter has been

established , the form of the model l oses phys ica l i mportance he re ,

becoming simply a mathematica l prescription for combining the individuall y

measured branching ratios to produce a smoothed set of transition proba-

bilities. In this spirit , the use of the model collects all of the

experimental data points so that an individual ca l culated A , , ,  includes

as it were , a fit to data on other measured Av i vii ~ 
C i ear l y one aspec t

of such input is the evidence for 00 gained by consIdering the OH results ,

and vice versa , a link wh i ch can be established only after incorporation

into a specific model.

2. Fits of the Presen t Experimental Data

The s ix  in depende nt t ransi t ion p robabi l it ies de termi ned as branch i ng

ratios and listed in Table I , can be used to cal culate a va l ue of p

[Equation (I)] using the Franck-Condon factors and r-centroids from the
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Morse model (see A ppend ix) . The results for the p values so obtained

are given in Table 2, where the quoted error bars come str ictl y f r om

a propagation of error t reatment of the uncer ta int ies assigned the

experimental  resu l ts .  An unweighted ave rage of these resu l ts , exc luding

the A 10 !A
00 determ ination , y ie lds p — (0 .752±0 .008) A~~ . An examinat ion

of the rat ios pred icted using the three error-bar- l imi t  values of

— 0./ h , 0.75, and 0.7 6 A 1 (see Table 2) ,  together w it h  ev idence from

other invest i gations descr ibed be low , leads us to conclude that here , as

w i t h  OH , the va lue p — 0.75 A 1 used in a Morse model forms the best

overa ll set of t rans i t ion p robab i l i t i es .  (For comparison , reduction of

the experimental rat ios w i th  Coxon ’ s and rv , , ,  y ields an average

p = (0.750±0.00 9)

3. A Comparison of the Calculated Sets of Transi t ion Probab i l i t i es

There ex is ts  no experimenta l invest igat ion of in tens i t i es  in OD

provid ing the same scope of trans i t ion probab i l it ies  which is ava i l ab le

for OH. Consequent ly, a comparison between exper iments and models must

here be made on the basis  of the present work coupled w i t h  a few

osci l lator strength and l i f e t ime rat ios.

The overa ll set of 
~v ’y” 

and 
~~~~~ 

va lues , ca lculated w i t h  the

Morse mode l and a linea r moment having p — 0.750 A 1 , and norma l ized to

the intensi ty  of the (0 ,0) band , is given in Table 3. A l inear moment

calculat ion is not appl icable to the (2 ,4) band . Here , p ~ so
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TABLE 2. FIT TO PRESENT EXPERIMENTS

PredIcted Rat io

Rat io p p — 0.74 p —  0.75 p — 0.76 ExperIment

A 11 !A 10 0.767±0.005 1.80 1.73 1.65 1.65

A 12 /A 11 0.7 50±0.005 0.058 0.050 0.042 0.046

A 21 /A 22 0.74 5± 0 .011 1.61 1.68 1.77 1.59

A
20

/A 22 0 .75 1±0.00 6 0.21 0.22 0.24 0.21

A
23

/A
22 0.746±0.003 0.107 0.089 0.070 0.089

A
01 /A 00 0.75 1±0 .004 0.024 0.022 0.0 19 0.019

0. 64 ±0.19 0.33 0.34 0.35 0.25
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TABLE 3. TRANSITION PROABABILIT I ES NORMALIZED TO

THE (0 ,0) BA ND VALUE — 1000

Band ~
a 

~v ’ v” 
A v I v~I ~~~~~~

(v ’~ v ”) (A) (Linear Moment) (Linea r Moment) (Exponential Moment)

0 ,0 3068 1000 1 000 1000

0,1 3332 28 22 34

1 ,0 2876 281 342 305

1 ,1 3109 615 591 640

1 ,2 3372 
- 

39 30 57

2,0 2712 47 68 61

2 ,1 2920 443 513 474

2,2 3153 331 305 363

2 ,3 3418 c 
38 27 69

2,4 3719 - - -

3, 0 2571
c 

6 1 1 10

3, 1 2759 127 175 162

3, 2 2968c 488 539 517

146 128 157 d

3,4 3465 27 19 -

aBand head (see text).

bFrOm Learner , Reference 3.

CC l l t d  Other bands have been observed prevIously.

d
rakln g Learner ’s p33 — 0.196 . (See text.)
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that an R (r) near zero would be predicted ; rather the t rans i t i on  moment

is probably decreasing more slow ly,  and asympto t ica l l y toward zero ,

as ind i cated by the ab ini tio calcu lat ion of Henneke r and Popkie 12 for

OH.

A lso l i s t ed  in Table 3 are the A , , ,  obtained from the 
~v ’ v” 

calcu-

lated by Learner 3 using Morse—Peker is  wavefunct ion s and a t r ans i t i on

moment of exponential form :

Re (r) = c exp (-or) , (5)

-l 4w i t h  a = 2.5  A . Ankete l l  and Learner later preferred a faster  f a l l -

off of the t rans i t i on  moment (a 5 .97 A~~) .  However , the lower a value

y i e l ds  a decidedly preferable f i t  to the better OH data , insofar as the

exponential moment is app l icab le ;  a d iscuss ion of the cho ices here is

*presented in I. Consequentl y we consider the ear l i e r  ca lcu la t ions  for

comparison of the linear and exponentia l moment models for 00. The

differences in the resulting Av~ 
,, are not large , at most some 20 percent

for intense bands , however differences in certain ratios important for

data ana l ysis purposes are larger (see be l ow).

Compared with OH , the experimental data available for OD is relative l y

sparse. We choose to utilize , as criteria for assessing the overall sets

of A u , ,,, experimental results in the form of ratios rather than absolute

H. Henneker and H. E. Popkle , “Theoretica l Electronic Transition
Probabilities in Diatomic Molecules . I. Hydrides ,” J. Chem. Phys.
54 , 1 763-1778 ( 19 7 1 ) .

*
There i-s an apparent typographi-cal error i-n the entry for p33 i-n
Learner ’s Table 6; we here adopt the value 0.196.
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values , in order to minimize the influence of systematic error . In

addi t ion  to the present experimenta l results , we also consider oscillator

strength measurements and recent l i f e t ime  studies.  A l l  such independently

determined ratios of transition probabilities (or quantities derived there-

from) are collected in Tables 4 and 5.

Rouse and Engleman 9 used a furnance at 1100°C to make photographic

absorpt ion strength measurements from which they determine absolute

o s c i l l a t o r  strengths.  00 concentrat ions are determined by chem ica l

equilibrium calculations. Although they assign an uncertainty of ~2O

percent to their absolute f-values , the ratio f10
/f
00 depends on no

equilibrium assumptions and should be more accurate than this. Their

measurements also permi t an estimate of f 11 and an upper limit on f2 1 .

The A , , ,  ratios derived from these oscillator strength ratios E see

Equation (4)1 are listed in Table 4.

Absolute lifetime measurements on the A2E~ state of OD do not suffer

from as much dispute as those on OH , though there is some disagreement.

We here consider onl y those i nvestigations providing lifetime ratios tor

different vibrational l evels obtained from the same experiment. Earlier

work by Becker and Haak s 13 us i ng decay of f l uorescence f o l l o w i ng a

term i nated radio-frequency discharge in 0
20 va por y i e l d s  l i f e t i mes

averaged over rotational l evels ; extrapolations to low N’ furnish the

ra t io  11 /T O = 1.04±0. 10. A s im i l a r  techn ique was comb ined w i th  dispersion

to provide l i f e t ime s for indiv idual N’ levels , by Wilcox , Anderson and

H. Becker and D. Haaks , “Measuremen$ of the Natural Lifet .j~mes
and Quench ing Rate Constants of OH (Z E , v — 0 , 1) and 00 (2z , v 0,1)
Rad ica ls ,” Z. Natur forsch. 28a , 249—256 (1973) .
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TABLE 4. RATIOS OF E I N S T E I N  T R A N S I T I O N  P R O B A B I L I T I E S

Presen t Rouse & L in ea r Ex ponen t i al
Ratio Experiment Engleman Moment Moment

1.65 ±0.04 1.87±0.3 1 1.73 2 .10

0.01+6±0.004 - 0.051 0.089

A01 /A 00 0.019±0.001 - 0.022 0.034

A 10/A 00 0.25 ±0 .09 o .33±O.O 9~ 0.31+ 0.30

A21 /A 00 
- <0.72 0.5 1 0.47

A 11 /A 00 
- 0.6 1±0.10 0.59 0.64

A 20 /A 22 0.2 1 ±0 .01 - 0.22 0.17

A 21 /A 22 1.58 ±0 .08 - 1.68 1.3 1

A 23 /A 22 0.089 ±0.006 - 0.089 0.190

aError in i/i t imes the 20 percent est imated by the authors for absolute

f-va lues , and i s p robabl y too hi gh (see text).
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TABLE 5 . LIFETIME RAT I OS

Il/T O 12/T O

GE RMAN 1.03±0.02 1.07±0.02

BECKER AND HAAKS 1.04±0.10 -

WILCOX et al. 0.96 -

F
L I NEAR MOMENT 1.07 1 . 13

EXPONENT I AL MOMENT 1 .03 1 .07
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Preacher .
14 From Figure Ii and Table I of their  paper we es t imate  a r a t i o

1
1
/TOe for low N’ , s l i g h t l y  less than unity (~ 0.9 6) .  German 15 has

recent ly  exc i ted  ind iv idual  v ’ ,J ’  levels w i t h  a pu l sed laser. The results

for leve ls  of low N’ y i e l d  the ra t ios 1
1
/T

O 
— 1.03±0 .02 and 1

2
/T

O 
=

1.07±0.02. (These error bars are obtained by combining, as uncorrelated ,

the l-~ leve l errors obtained f ro m German ’ s quoted uncertainties on the

absolute l i f e t imes . ) In OH , al l N’ leve ls  in v ’ = 2 exh ib i ted  predissoc i-

ation and consequent lifetime shortening, rendering the 1
2

/T
O 

ra t io

useless for comparison purposes. Because of the smaller vibrational

spacing in OD , however , leve ls of low N’ in v ’ = 2 are unaffected by the

pred issoc ia t ion .

An examination of Tables 4 and 5 leads us to the conclusion that

here , as w i t h  OH , a l inear e lectronic t rans i t ion  moment better describes

t rans i t i on  p robab i l i t i e s  w i th in  the A-X system , compared to a moment of

exponential form. The Rouse and Eng leman osci l la tor  st rength ra t ios  are

consistent with either model , while German ’s lifetime ratios are better

described by the exponential moment. We find this last result puzzling .

For both OH and OD , the exponential model predicts a lifetime lengthening

(for unpredissociated leve ls )  of ‘-3 1/2 percent per v ib ra t iona l  level ,

and the l inear mode l predic ts  lengthening at ‘-8 percent per leve l .

German ’ s resul t  for OH agrees w i t h  the linear moment value at the ! i m i t

of his error bars (see below) but those resul ts  for 00 are in better

accord with the exponential moment p~-edictions . Since they are carried

rut on the same apparatus , systematic errors cannot be blamed.

Wilcox , P.. Anderson , a~d J. Preacher , “Rotational and Predissocia-
t ion Lifetime s of the A 2 E State of OD ,” J. Opt. Soc . Am. 65, 1368- 1370
(1975).

15 K. R. German , “Radla tlv~ and Predissocla tive Lifetimes of the v
’ — 0,1

and 2 Leve ls of the A2 E State of OH and OD ,” J. Chem. Phys. ~~~~

525 2-5255 (1975 ) . 3 1



Nonetheless we feel that the current experimental intensity ratios

can be used to concl ude tha t the set of Av~v~ 
va lues f rom the linear moment

mode l i s dec ided l y p r e f e r a b l e , eve n wi th the disaccord w i th Ger man ’s l ife-

ti mes. T h i s  is  par t ic u l a r l y important for the ratios of the more intense

bands (A11 /A10 and A21 /A22) which are of direct importance in the anal ys i s

of energy transfer or diagnostic experiments. CombIned wi th  a s im i l a r

weight of evidence for the linear moment model in the case of the OH

species , we feel confident In reconinending the results of these calcula-

tio ns for the analysis of experiments on 00 involv Ing intensity measure-

ments .

The current experimental results may be exam i ned within the context

of the overall set of transition probabilities. In part icular , the ra t io

measu red f or A 11 /10 (l.65±O.014) appears “too low ,” overla pping onl y at

the 2-a l evel with the reconii~ended va’ue of 1.73. A similar discrepancy

for this same ratio (an experimental value of 1.58±0.08 versus a model

prediction jf 1.75) was found for OH In I . This imedlately suggests

a systematic error concerned with the calibration of the spectrometer

and photomultip lier. However , because of the disagreement in the OH

ratio , the calibrations were carefully checked at the time of that study .

Fur ther , a miscal ibration causing A 11 /A 10 to appear too low would make

A20/A22 and A 21 /A22 too high (in opposition to what was stated in I).

These latter ratios for OH and 00 agree with the model to within their

er ror bars , excep t for the A21 /A22 ratio for OD wh ich if anything is

s l i gh t l y too low. The experimental traces for the calibration runs are

smooth , showing no spikes or other odd features wh i ch might suggest
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patho logical  behavior of e i ther  the standards l amp or detection system

*over a limited wavelength range . The correction from our measurements

on the N’ 4 leve l to the rotat ion less molecule (see be low) is qu i te

d i f fe ren t  for the (1 ,0) band ( 1+x l0 1+) than the (1 ,1) band ( l . l6 x lO  2 )

**Th is  does ra ise  the ra t i o  from 1. 65 to 1.67 but it remains low . We

thus are again unable to account for the discrepancy and again recommend

a preferred a value of 1. 7 for th is  ra t io .

4. The Rotational Dependence of the Transition Probabilities in the

(0 ,0) Band

The appreciable centrifugal stretching and vibration-rotation

interaction in OH and OD , together with a transition moment dependence

on internuclear distance , causes the t ransit ion probab i l i t y  to vary

noticeably with rotational l evel. For a given vibrational band and

values of the angular momentum quantum number J less than abou t 20 one

may adequatel y express this dependence in a form linear in J(J+l):

= 

~v ’ v ’’ [
1 - B~~~,, J (J + 1)]

4
Not included in any of our quoted r e8ultB.

*4
Such corrections app li-ed to other ratios are much less than the

experimenta l error.
* 4 *

For these pu rpo ses, values of N and ~1, which differ by ~1/ 2 , may be

considered indistinguishable. In the face of some evidence both pro

and con, we shal l assume tha t F 1 and F 2 levels wi th the same value

of N have the same transition probabilities. This equality i-s con-

sistent wit h the models.
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where 
~v ’v” Is the vibrational transition probability, for the rotation-

less molecule , as discussed earlier. 
~~~~~~~~~~~ 

is a constant for a given

branch P ,Q or R. Calculations on the (0,0) band show that > >

(as expected from a simple physical picture) ; the differences are each

abou t 3 percent and qu i te adequatel y represents the average. Since

a 3 percent difference in B means about 0.6 percent difference in 
~~~~

at J = 20, we wil l  ignore the variation with branch and rewrite

~v ’v’’ [1 8v ’v’’ J ( j  + 1)] (6) 
F

where J represents either the excited or ground state total angular

momentum quantum number .

In this section we focus our attention on the (0,0) band for which

there exist some experimental results; also it is this most intense band

which is often used for rotational temperature determ i nations.

Us ing M’ rse-Pekeris wavefunctions we have calculated ~~~~ 
for the

(0,0) band and for J values up to 20. Within the experimental errors

involved in any intensity measurements , the results for the (more intense)

Q-branches adequately represent the full transition probabilities associated

*with a given J’ or J” , and those actually compared here. The calculations

are performed using both a linear moment (p — 0 . 75 2 ) ,  and exponential

moments , repeating the calculations of Learner I a — 2.67 in Equation (7)]

and Anketel l and Learner (a — 5.97 in Equation (5) 1 . The results are

then fitted to Equation (6) to extract a va l ue of 8; these are collected

We here ignore the v3 dependence in comparing our results to exp eriment.

34



in Table 6. A B value (labeled RKR) obtained directl y (see be l ow) from

calculations using Coxon ’s J-dependent Franck-Condon factors and

r-centroids together with a linear moment (p — 0.750 A
1 ) is also

included. Clearl y the results from all the calculations except the

steeper exponential are indistinguishable.

There are three existing studies of the rotationa l leve l dependence

14 16 *of v ’ = 0 life time s in OD. In two of these ‘ the variation with N’

is much too irregular (and too large) to be fitted to a simp le form such

as Equation (6). The variation found in these two investigations is

well outside the error bars quoted and in one case l6 its reproducibility

is s p e c i f i c a l l y mentioned. The model , on the other hand , demands a much

smoother variation , suggesting caution when using these relative li fe times; ’

however any discussion of possible errors would be entirel y speculative .

German ’ s 17 l i fetime measurements using pulsed laser excitation do

provide a reasonabl y smooth variation of r with N’ ; the lifetime increases

abou t 3 percent between N ’ — 2 and N’ — 9, more than his ( 1- a l eve l )

1 percent error bars. The experimental value for B given in Table 6 is

16
B G. Elm e rgreen and W. H. Smith , “Direct Measurement of the Lifetimes
and Pr~dissocla tion Probabilities for Rotational Levels of the OH and
00 A~~ Sta tes ,” Astrophys. J. J.7~

, 557— 564 (1972 ) .
17 K. ~ . German , “Direct Measurement of the Radiative Lifetim es of the
A 2E (v—O) States of OH and OD ,” J. Chem . Phys. 62, 2584-2587 (1975) .t * —

Lifetime results are typ icall y quoted as a function of N ’, not ~1’.
Since, f o r  our porpo sea, the two are indistinguishable, we shall use N ’
here in accord with the lifetime papers .
The mode is are incapab le of directl y addressing the questions of
absolute l i fet imes or predie sociation.
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TABLE 6. VALUES OF B ~OR THE 0,0 BAND

Model/Moment B x lO~

Morse-Pekerls , 1 - O.752r 3.9

Morse-Pekeris , exp (-2.67r) 3 .4

Morse-Pekeris, exp (-5.97r) 6.6

RKR , 1 - O.75r 4.0

ExperImen t (LIfetImes) 3.6
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obtained from a fit of these* lifetimes to Equation (6). Cognizance

of the errors imp li c i t  in the experimen t and thus the fit renders the

good agreement between model and experiment fortuitous. It does ,

howeve r , prov i de some confidence in the linear form for the representa-

tion of the rotational dependence . As discussed in I for OH , the ~

values obtained here are usefu l for applying corrections to rotat iona l

temperature determinations using the (0 ,0) band of 00; however caution

regarding the quantitative limitations of the procedure are again advised.

5. The Rotational Dependence of the Transition Probability in Other Bands

As noted above , the centrifuga l stretching in this light molecule is

responsible for the rotational dependence of the transition probabilities

(the centrifugal distortion coefficient 0e is 5xl0 5 of the rotationa l

constant Be in 00 ).  Th is increase in the e f fec t i ve  average internuclear

distance as J increases has two consequences bearing on the transition

probab i l i t y :  the t rans it ion moment decreases , and the overlap between

the v i .~rat iona l wavefunction is also al tered (often , but not a lways ,

decreasing) .

An estimate of the anticipated magni tude of the effect may be obtained

following the approach of German 17 and using our value p — 0.75 A~~ . Th i s

considers the change in Re(r) onl y and neg l ects any variation in the

4
Inclus ion of German ’s lifetimes for N ’ = 0 and N ’ = 1 y ields a meaning less

least squares f i t  to Equation ( 6)  and they have been excluded. However,

they do overlap the resulting strai g ht line when their error bare are

included.
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overlap, and hence should be more apt for the (0,0) band than for others.

The effective internuclear distance r~ for a molecule in the Jth rota-

tional leve l is

r ~ 1-1 /2

r~ — r ( l  — ~!. j (j + 1 ) 1

L e j

Presuming that the r—centroid of the transition varies with J in the same

fash i on , this may be Inserted into Equation (1). After expansion of the

square root , keep ing onl y terms linear In J(J + I), a compa r i s o n to

Equation (6) l eads to the identificat ion

D
8oo ~~~~ ( 1 -

Using averages of the A and X state constants yields estimates of

B 3.4 x l0~~ for OH and 1.8 x iO ’
~ for 00 from th is simp le physica l

picture , wh ich are of the proper magnitude . Howeve r the fac tor of 2

d iscrepancy with the Morse-Pekeris wavefunctions shows that a more com-

plete treatment , includ i ng the variation In with J , i s  necessary.

This approach does however permit an estimate of the ratio of 3 for OH

to B for OD in the (0,0) bands; from the recommended va l ues one has a

ratio of about 55 percent , compared to the 53 percen t expec ted f rom the

mass dependence of Dc and Be~

Using RKR wavefunctions determ i ned from his spectral constants ,

Coxon has calculated .1-dependent Franck-Condon factors and r-centroids

for a number of vibrational bands. We have used these results (his

Table X) together with a linea r moment having p — 0.750 to calculate
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a numbe r of ~~~~~ These resulting transition probabilities are then

plotted vs .J(J + I) to assess the app l i c a b i l i ty of E qua ti on (6). For

J < 20, this linear form is acceptable except for the ( 1 ,0) and (3 , 0)

bands. The values of ~ , ,, so obtained are tabulated in Table 7. Thev v
negat ive value of B for the (2,0) and (3, 1) bands means that the transi-

tion probability is increasing, not decreasing , w i t h  increasing J” .

Here , as J” increases , the overlap (Franck-Condon factor) is increasing

faster than the transition moment decreases. These factors nearly

bala nce for the (1 ,0) band such tha t there is only about a 1 percent

change in the transition probability between J = 0 and J = 20. A

linear fit is thus not meaningfu l here , and the transition probability

may be considered essentiall y constant. For the (3,0) band , which is

quite weak anyway, the variation is not linear with J(J + 1). The

va l ues g iven in Table 7, together with Equation (6), represent (for J

between 0 and 20) the calculations to an accuracy which varies with the

band but which is in all cases better than that obtainable from lifetim e

or intensity measurements. Clearl y the same (if not stronger) caveats

concerning the application of these B values apply here as for the (0,0)

band .

TRANS I TION P R O B A B I L I T I E S  I N OH

In I , we assessed the available data on OH pertinent to relative

transition probabilities and the extraction from them of an electronic

transition moment. Since tha t time a few other studies have appeared

wh i ch bea r on the ques t io n ; these are discussed briefly In this section .

- -- 
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TABLE 7. 8~.’~” VAL UES FOR VARI OUS BANDS , USING

COXON’S FRANCK-CONDON FACTORS AND r-CENTRO I DS ,

AN D R ( ~) — c ( l  - 0.750 j;:)

Band (v ’ ,v”) 
~~~~ 

x lO~

0 ,0 4 .0

0 ,1 1.7

1 ,0

1 ,1 5.8

1 ,2 3 .5

2,0 —3.6

2,1 1.4

2 ,2 8.4

2 ,3 6 .3

3,0 5
a

3, 1 -2.6

3, 2 3 .0

3,3 12

a
characteristic not quantitative ; see text.
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Smith , Elmergreen , and Brooks 18 
(SEB) have proposed a linear

t r ans i t i on  moment hav ing a slope p — 0.55 A~~ , which they have used to

f i t  data 16 on l i fe t imes as a function of rotat ional leve l .  We f ind

d i f f i c u l t y  in d iscern ing a regular enough var ia t ion  in their l i f e t imes

to ex t rac t  such a moment , as noted In I. That notwi thstanding , the

range of r values covered by SEB (1.02 to 1.10 A) is much smaller than

that which can e f f ec t i ve ly be considered v ia  the A , ,,, calculated using

such this value of p. This smaller slope together with our Morse wave-

functions yields the following key ratios of transition probabilities ,

w i t h  the “best ” experimental values (see I) in parentheses: A 10/A00 
=

0.20 (0.30) ; A 11 /A 10 
= 3 .4 2 ( 1 .7) ; and A21 /A 22 

= 0.83 (1.8). Other

ra t ios  for less intense bands show s im i l a r  d iscrepanc ies .  We f ind th is

s u f f i c i e n t  to rule out such a moment , considering as untenable any

p o s s i b i l i t y  of a d i f ferent  slope in th is  reg ion of internuclear d is tance

than over the fuller range of r. However , it should be noted that the

conclusions concerning predissocia tion , the primary subject of SEB , are

unaffected by the cho i ce of transition moment.

Hogan and Davis ’9 have made lifetime measurements in v ’ = 0 and 1

using pu l sed laser excitation . Their results must be considered with

some caution due to d i ff ic u l t ies 2° in their pressure extrapolat ion .

However , if the presence of 10 mTorr of 03 does not cause appreciable

18W. H. Sm ith , B. G. Elmerg reen , and N. H. Brooks , “ Interact ions Among
the Lower Valence States of the OH Rad i cal ,” J. Chem . Phys. 61 ,
2793—2799 (1974 ) .

19P. Hogan and 0. D. Davis , “OH Life time+MeaSurements of Severa l K
Levels in the v — i  Manifold of the A2E Elec tronic State : Exc i tation
v i a  a Tunable  uv Laser ,” Chem. Phys . Lett. ~~~ 555-557 (1974).

K. Lengel and D. R. Cros l ey , “Conm~ nt on ‘Electronic Quench ing and
Vibra tiona l Re l axation of the OH (A2E , v ’— l ) State ,” J. Chem. Phys.

~~!.‘ 
3900-3901 (1976) .
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vibrational transfer ,* their quoted operating pressures of 30 mTorr H2

and 1 Torr Ar should be low enough to y ie ld  reasonable resu l ts for the

l i f e t ime  ra t io .  The y ob ta i n  r~/t~ — 1.06±0.02, using their 1-~ leve l

error bars.

German 15 f inds for this same ratio a value of 1.06±0.03 (his l-o

ieve l uncertainties) using a s im i la r  techn ique but operating at lowe r

pressures and a differen L mode of OH production . German ’s absolute

l ifetimes are some 10 percent l ower than those of Hogan and Davis; what-

ever systematic errors are responsible for this continuing problematic

discrepancy in OH lifetimes might not affect the ratio. From I , a linear

moment model predicts ~~/r~ — 1.09 while Learner ’s exponential moment

y ields a ratio of 1.04.

German ’s preliminary values of lifetimes as a function of N ’ in

= 0 were quoted in I as yielding a value 8 = (13±5)x1O
4. Now

published in fina l form ,
16 they may be fitted to a B — (12±2)xl0~~ ,

where these error bars are estimated consIdering (1-a l evel) error bars

of 1 percent on the lifetimes and a total variation of about 8 percent

over the ran ge of N ’ studied .

Imp l i c i t  in the SEB 18 f i t  discussed above i s  the ex is tence , among

the experimental data , of a smooth enou gh rel ati onsh ip to ex trac t a

value of B. We have used the SEB linea r moment and the Morse-Pekeris

mode l to calculate 8 3.4x10
4 which  may be as res presen ta ti ve of SEB ’ s

4 5We are not convinced tha t it is neg ligible, fo llowing our exp erienc e with

NO2 and H 20.
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assessment of the lifetime variation . Some variation of T with N’ as

found by Hogan and Davis ’9 cannot be fit with a linear form such as

Equa t ion (6) .

These results may be compared with values of B extracted from Morse-

Pekeris calcula tions , as well as othe r experimental values , listed in

Table 7 of I . We conclude that a variation linear in J(J + 1) with a

8 of abou t 7xlO
4 

continues to form a sensible representation , at least

for low J , but repeat that any quantitative use of this model should

take into account its limitations.

1.iu
21 

has used extended configuration interac tion wavefunctions 22

to calculate transition moments in OH. He finds a transition moment

linear in internuclear distance , as well as absolute transition proba-

bi l i t i e s  in better agreement with experiment than found in a previous

theoretica l calculation 12 
(which y ielded very good relative transition

probabilities , however). Studies of other diatomics y ields confidence
22

in the results from the configuration interaction approach. We find

pleasing the success of the linear moment model as a fitting too l , com-

bined with its appearance in these ab initio studies.

We conclude by correcting some typographica l errors and clarif y ing

some minor discrepancies in I . In Table 1 , the pump lines for the six

Liu , “Accurate Theoretica l Oscillator Strengths for Diatomic
Molec u les , CH an d OH ,” Sympos i um on Molecular Structure and Spectroscopy,
Col umbus Ohio , June 1975; priva te communication 1975.

22 S I  Chu , M. Voshi mine , and B. Liu , “Ab in it io Study of the X 211 and A2i’~
States of OH. I. Potential Curves and Properties ,” J. C hem. Phys .
61 , 5389-5395 (1974).
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integrated intensity runs on the A 11 /A 10 rat io should be three runs each

for the s ingle line Q13 and for the overlapped pair of l ines Q2 1 + Q23.

The unwe ighted average of the p values ( in A 1) f rom the experimental

rat ios is 0.748±0.009 , not 0.749±0.010. The value of 0.748 was used to

calc ulate the fina l set of transition probabilities (Table 2) and their

rat ios (Tables 5 and 6). However the predicted ratios listed in Table 4

are obta i ned using p — 0.740, 0.750, and 0.760, so that the set with

p — 0.75 di f fers s l ight ly from the values calculated wi th  p — 0.748 .

Th e express i on for y , used in eqn. (14), should read y — kB/Be ; the

numerical va lue given for y i s correc t . F i n a l l y ,  in  Sect ion 3 of the

Appendix , d — ~~ + c3f (3c  - l ) f  
1/2
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A P P E N D I X  A: OD SPECTROSCOP IC CONSTANTS

The mathematica l forms of the Morse and Morse-Pekeris wavefunct ions

used here are described in the Appendix to I. For 00 we use the recent

set of spectroscopic constants determined by Coxon .7 He notes (his

Table X I I ) that his quoted B
e Is actually the Dunham coef f ic ient

it should probab ly be corrected by Y 01 = B
e 

- 2B~/u~ for determ ination of

re. Al thoug h the corre ct ion is smal ler than the er ror bars , as Coxon

po ints out , we have none theless app l i e d  it to y ie ld  r~ = 0.9696 A and

r~ 1. 01227 A . Sens itvity calculations with a variety of constants show

that this parameter (re) is the most critical. In Table 8 are l i s ted

the Franck-Condon factors and r-centrolds rv ,v,, ca lculated w i th  our

model , together with Coxon ’s RKR-determined q~,, , ,  and

Coxon ’s recent determ i nation of the 00 spectra l constants l i ke ly

leads to the set for this species as having s l i gh t l y  more accuracy than

that for OH. We have recomputed the OH t ransi t ion probab i l i t ies  using

Coxon ’s 00 constants sca led by the appropriate reduced mass ratios . The

diffe rences from those given in I are minimal; the largest change is in

A 10 (less than 2 percent) yielding a predicted ratio A 11 /A 10 1.7 1

instead of 1.75 . Although this is slightly closer to our troublesome

experimental va l ue for this quantity (1.58±0.08) , we do not consider that

sufficient reason to necessarily prefer the model with these revised

constants. The overall sensitivity of the models to the input parameters

prec l udes attaching significance to the third figure of any ca l culated

transition probabilities.
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TABLE A l .  FRANC K-CON DON FACTORS AND r-CENTRO I DS

Band

v ’ , v ’ Morse RKR a Morse RKR a

0,0 0.8734 0.871+0 1.0024 1.0031+

0 ,1 0 .11 95 0. 1194 1.1846 1.1862

1 ,0 0. 1148 0 .1135 0.849 ! 0.8496

l~~l 0.6 317 0.6342 1.0282 1.0308 
—

1 ,2 0.22 93 0.2297 1.2052 1.2077

2 ,0 0.0108 0.0 1 11 0.6903 0.6966

2 ,1 0.20 95 0.2061 0.8839 0.8855

2 ,2 0. 1+075 0 .4 10 6 1.05 1+7 1.05 90

2 ,3 0 .3 177 0.3205 1.2273 1.2306

3,0 3.0091 0.001 1 0.5137 0.5413

3, 1 0.0 343 0.031+6 0.7374 0 .7420

3, 2 0.27 14 0.2 675 0.9 189 0 .922 1

3,3 0.2199 0.2225 1.0817 1.0878

a F rom Coxon , Reference 7.
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